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Claims 

1 . A scotch yoke fluid device which includes: 

a crank including a big end having an axis which orbits about a main axis 
for the crank; 

5 connecting means mounted on the big end axis; 

at least one piston mounted for reciprocal motion in a cylinder along a 
piston axis, the piston having a cross-sectional area perpendicular to the 
piston axis, the piston having guidemeans including a linear surface 
transverse to the piston axis, the guide means engaging engagement means 
10 on the connecting means; and 

at least one restricting means for constraining the piston to move along 
the piston axis; 

wherein the piston guide means bisects the piston cross-sectional area 
and at least part of each restricting means is located within a volume defined 
15 by the piston cross-sectional area projected along the piston axis, but is not, 

located along the centre line of the bisection formed by the piston guide 
means. 

2>s. The device of claim 1, wherein the guide means includes surfaces which 
extend substantially perpendicularly to the respective piston axis. 

20 3. The device s bi^claim 1 or 2, wherein the restricting means includes a pair of 
members and a lih^drawn from one member to the other of the pair is 
perpendicular to the cehto* line optfie bisection of the piston formed by the 
piston guide means. j><^ / 

4. The device of claim 1 or Y w herejiimfe^estricting means includes a member 
25 which is located on either sld^of the bisectiqn formed by the piston guide 

means but not along the center line. 

5. The device of claim 1 or 2, wherein each piston has th^restricting means 
formed integrally therewith. 
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The device of claim 1 or 2, wherein each piston has the restricting means 
formed separately from and mounted on the piston. 

le device of any one of claims 1 to 6, wherein the restricting means is 
sliijeably engaged in one or more slideways mounted on a block for the 
devi£ 

8. The devioe of any one of claims 1 to 7, wherein there are two, three, four, five 
or six pistoi 

9. The device of cknn 8, wherein each piston has two restricting means which 
are located symmetrically relative to the piston axis. 

10 10. The device of any one (^claims 1 to//, whetein there are least two such 

pistons, and wherein the guide m^ans of thfe pistons are disposed on the same 
side of the big end axis. ,■ 

1 1 . The device of any one of/claims 1 td^p, wherein the guide means engages the 
engagement means on tne connecting (ra^ans by sliding. 

15 12. The device of any one of claims 1 to 1 i, wherein as the crank rotates, at least 
one restricting means exterfas into a volume de&ied by the swept area of the 
crank projected along the main axis of the crank. 

13. The device of any one of claims 1 to 12, wherein the linear surface is in a 
plane which is perpendicular to the respective piston axis\ 

20 14. The device of any one of claims 1 to 12, wherein the linear sux^ace is in a 
plane which is other than 90° to the respective piston axis. 

15. The device of claim 13 or 14, wherein the engagement means includes two or 
more parallel linear surfaces which correspond and slide relative to the^guide 
surfaces. 
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16. The device of any one of claim s 1 to 14, wherein the linear surface and/or the 
engagement means includes two or more roller bearings and the guide meads 
engages the engagement means on the connecting means by sliding. 

The device of claim 15, wherein the linear parallel opposed guide surfaces 

and the engagement means are mounted 

on the pistonT 




1 8. The device of claim 1 
slider means on each 



tjxefe are two or three pistons mounted on 



10 



19^ The device of claim kk^wherein the pistons are arranged* equal angles 
about the main axis. 

e of claim 10, whereinithe guide means is integral with the piston. 



ide means is located on a separate 




21. The device of claim 10,^vhe 

structure mounted on tue-pistoflr 



22. The device of claim^^whereinHJieyeparate structure is pivotably mounted 



15 



to the piston. 

23. The device of claim_^o^^[wherein the main axis of the crank is fixed 
relative to each cylinder. 

24. The device of claim 1 wherein the main axis of the crank is movable 
relative to the or each cylinder, so as to alter the compression ratio and/or the 
timing of each piston in each cylinder. 



20 



25, ^Pfi&4evice of claim 1 or 10, wherein the main axis of the crank is movable 
relative^to^^ onq^li^der, wherein such movement results in a 

change in con^ression^r^iQ^iti^ut any change in phase. 
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^26. The device of claim 1 or 1 0, wherein the main axis of the crank is rotatable 
relative to the or each cylinder about an axis remote from the main axis, so ' 
^raising or lowering the crank relative to the or each cylinder. 

27, Tn& device of claim 1 or 10, wherein the crank is moveable in a plane 
s peipasdicular to the or at least one piston axis. 

28. The devich of claim 1, wherein the connecting means has a non-rotary 
movement relative to the piston and the device including stabilising means 
engaging the connecting means to limit the connecting means to a single 
orientation as it orbits the main axis^ 

10 29. The device of claim 2SL wherein the stabilising means includes engagement 
of the connecting meansWJth the piston. 

30. The device of claim 28/^yhekein the&t&bilising means includes a separate 
linkage pivotably mounted to Ws^th jye connecting means and a crankcase for 
* the device. 

15 31. The device of clafim 1 , wherein/£he rfiafa^axis of the crank is moveable along 
at least one pathf relative to the cylinder Ad the engagement means is 
configured such mat the piston is neither substantially retarded nor advanced 
when the main axSxrfme crank is moved along, said path. 

32. The device of claim 3 1 , wherein the main axis of u\e crank moves along a 
20 linear path. 

33. The device of claim 31, wherein the main axis of the cr^qk moves along an 
arc. 

34. The device of claim 1 , wherein the connecting means has a center of mass 
located on or adjacent to the big end axis. 
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35. The device of claim jSft wherein the crank includes a counter weight which 
substantially and/or dynamically balances the mass of the connecting means' ' 
relative to the main axis. 

36. The device of claim 1, wherein the crank has an effective center of mass 
which, together with the connecting means and the or each piston, remains 
stationary or substantially stationary relative to the main axis as the crank 
rotates. 

37. TheMevice of claim 1 , wherein the device has at least two such pistons, 
wherein the configuration of the connecting means and the engagement 

10 means is rach that the motion of each piston is simple harmonic motion. 

38. The device of claim 1 , wherein the device has at least one pair of such 
pistons, wherein ehch pair of pistols has ajmass the motion of which is 
equivalent to a singletoass opmting in an orbit 

39. The device of claim 38/wherein the orbit is a circle. 

1 5 40. The device of claiir/ J 8, wherc\the^rbit is an ellipse. 

41 . The device of claim 38, whereiiymesmotion of each of the pistons is simple 
harmonic motion. / / a 

42. The device of c\aim 1 , wlferein the big end\id the connecting means are 
combined in the form of a circular cam. 

20 43. The device of claim 42, wherein there are two suchspistons. 

44. The device of claim 43, wherein the piston axes are at an angle to each other. 

45. The device of claim 44, wherein the angle is 60°, 72°, 90°, 12^° or 180°. 

46. The device of claim 1, which includes means for adjusting the dis^nce 
between the piston and the engagement means. 
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17. The device of claim 46 wherein the means for adjusting includes a connecting 
rod mounted to the piston and the engagement means. 

48 • The device of claim 1, wherein, at top dead centre, the main axis lies between 
thepiston and the big end axis. 

49. The deVice of claim 1 , wherein, when the piston is at top dead centre, a line 
joining tn^main and big end axes is parallel to and spaced from the piston 
axis. 

50. The device of claim 49,wherein when the or one of the pistons is at top or 
bottom dead centreva line joining the main and big end axes is parallel to and 
spaced from the respective piston axis o£the one piston. 

51. A piston-type fluid deviceswhich/includes: / 

a crank having a main axi\and inclining a big end member having an 
axis which rotates about the main 

at least one piston airangemep nfeying at least one piston mounted for 
reciprocal motion in a cylinder aloiHm piston axis, the piston having a 
cross-sectional area perpendicular to thespiston axis; 

at least one follower located between the member and the piston for 
transferring motion of the member to the piston, the follower reciprocating 
along a linear path, having a centre line, betweenWo end points; and 

at least one restricting means for constraining the pikton to move along 
the piston axis; 

wherein at least part of each restricting means is located within a volume 
defined by the piston cross-sectional area projected along the piston axis, 
but is not located on the centre line between the two end points. 
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>2. The device of claim 5 1 , wherein each piston arrangement has two surfaces. 

53AThe device of claim 52, wherein there is a single follower for each piston and 
follower bears on both surfaces. 

54. The device of claim 52, wherein the member bears on one surface and the 
5 follower on the other surface. 

55 . The device ofclaim 52, wherein there are two followers, each of which bears 
on one of the resr^ctive surfaces. 

56. The device of claim 5\wherein each ytftoh arrangement has one piston. 

57. The device of claim 5 1 , wnWn eafch pistci arrangement has two pistons. 

10 58. The device of claim 51, wheremVach piston arrangement has two pistons and 
one follower located between the tvra pis 

59. The device of claim 5 1 , wherein the fo^wer is a circular cam having its 
centre offset from the main axis. 

60. The device ofclaim 51 J wherein tja^re arc1^o\r : more piston arrangements 
is for each big end membd 

6 1 . The device of claim 5 1 , wherein there are two pistonWangements, the piston 
axis of one piston in the first aiTangement being at an angle to the piston axis 
of one piston in the second arrangement. 

62. The device of claim 5 1 , wherein the angle is 90° 

20 63. The device ofclaim 62, wherein there are two followers, each of w^nch 
engages pistons in both piston arrangements. 

64. A fluid device, which includes: 
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a crank including a big end haying an axis which orbits about a main axis 
for the crank; ' ' 

connecting means mounted on the big end axis; 

at Dsast one pair of pistons, each piston being mounted for reciprocal 
motion\n a respective cylinder along a respective piston axis, the piston 
axes of ea^h pair being at 90° to each other, each piston engaging 
engagement Nneans on the connecting means; 

wherein each pair of pistons has a mass the motion of which is 
equivalent to a single mass orbiting in an orbit; 

the centre of mass of n^e connecting cqeans is located on or adjacent the 
big end axis; and 

the crank includes a counter height Wcated generally diametrically 
opposite the big end and/4 centre of Wss remote from the crank axis, the 
counter weight including the equivalent of: 

a first mass to statically and/or <^ainically balance all or part of the 
mass of the big end bearing relati ve to the cfcank axis; 



a second mass/to statically and/w 



mass of the connecting lja-eans relative to the 



ically\balance all or part of the 
xis; and, 



a respective third mass to statically and/or dynamica^y balance all or 
20 part of the mass of each pair of pistons relative to the cra&c axis. 

65. The device of claim 64 wherein the orbit is a circle and the thircl mass 
preferably statically and/or dynamically balances the mass of thepistons. 

66. The device of claim 64 wherein the orbit is not a circle and the thixdjrmss 
balances the mass of the pistons in a first direction. 

25 67. The device of claim 66 wherein the first direction is parallel or perpendicular 
to a bisector of the axes of each pair of pistons. 
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v 68. The device of claim 64 including means to substantially prevent rotary 
motion of the connecting means relative to the piston. 

69\ A fluid device, which includes: 

a crank including a big end having an axis which orbits about a main 
axis; 

lecting means mounted on the big end axis; 

at lefcjst one piston mounted for reciprocal motion in a cylinder along a 
piston a^cis; 

intermediate connecting means interconnecting the at least one piston 
with the connecting means; and 

means for adjusting the position of the intermediate connecting means 
relative to the at J^ast one piston or the connecting means or both. 



70. The device of claim 69yherein 
groove or surface which 

15 71. The device of claim 70 whc 
in or with guide means to st 



the: 



;es 



inte 



. for adjusting includes a slot, 
lediate connecting means. 



. the int 



Mediate connecting means engages 
Jise the atfjeast one piston in the cylinder. 



20 



72. The device of claim 71 wherein tfce m< 
means. 

73. The device of claim 7/ wherein 
for adjusting. 



for adjusting includes the guide 
ide means are separate from the means 



74. The device of claim 
transversely or longii 



>9 whe^in the meanss 
• the 



br adjusting is movable 
ylinder axis or both. 



25 



30 



relative 

75. The device of claim 71 wherein the guide means is rotatable about an axis. 

76. The device of claim 69 wherein the means for adjusting includes a linear, 
single radius curved or multi-radius curved slot/s, grc>ove/s, surface/s or the 
like or any combination of the foregoing. 

77. The device of claim 69 wherein the intermediate means includes sliding or 
rolling contact members to engage the means for adjusting^ 

78. The device of claim 69 wherein the means for adjusting is m<*vable to change 
the effective stroke of the pistons, the effective compression ratio of the 
device or the position/time path followed by the pistons or a combination of 
any of the foregoing. 
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80. 

81. 

82. 

83. 
is 84. 
85. 



A yoke assembly for a scotch yoke type fluid device having opposed pistons 
^reciprocating in opposed cylinders having parallel cylinder axes, the yoke , 
mounted on the two pistons and including an engagement portion 
sceiving an engagement member rotatably mounted on a big end of a 
shaft and in which the engagement member reciprocates as the crank 
rotates,\aid engagement portion being split into two parts. 

The yoke a&embly of claim 79 wherein the engagement portion includes two 
parts joined together along a plane generally parallel to the cylinder axes or a 
plane generallw>erpendicular to the cylinder axes. 



The yoke assembly of claim 80, 



The yoke assembly of 
securely hold the two p^fs tog^* 

The yoke assembly < 
surfaces forming a channel 



srein the two parts are identical, 
lerein only two fixings are required to 



^wherein the engagement portion includes two 
'the engagement means reciprocates. 



The yoke assembly bteTaim 83 wfito dependent on claim 92 wherein each 
channel is defined by only one of the^ 



The yoke assembly of claim 80 wherein ■ 
and engage the other part. 



ich part includes legs which extend 



86. 
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The yoke assembly of claim 80 including legs 
channel. 



:ated at the ends of the 



yj 87. The yoke assembly of claim(8^including a leg positioned adjacent ^e} 
channel at a mid-point. 

A piston arrangement for a fluid device, the arrangement including : 



25 



30 



piston mounted for reciprocal motion in a cylinder along a piston axis, 
the pistba4javing a cross-sectional area perpendicular to the piston axis, 
the piston haVingguide means including a linear surface the plane of 
which is transversMQthe pistoiva^is? the guide means adapted to engage 
engagement means on a^cqnn^ting/f^ieans mounted on a big end axis; and 

at least one restricting nj^ans foj^onstraining the piston to move along 
the piston axis; 

wherein the piston guide means bisects tnfe^jiston cross-sectional area and 
at least part of each restricting means is locate«^rithin a volume defined 
by the piston cross-sectional area but not along theb^ntre line of the 
bisection formed by the piston guide means. 
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59. The arrangement of claim 88, wherein the linear surface includes two or 
more rollers. ' 

90. "The arrangement of claim 88 or 89, wherein the restricting means are integral 
l the piston. 

5 91. A scotch yoke fluid device which includes: 

v a crank including a big end having an axis which orbits around and 
is parallel to a main axis for the crank; 

at least one piston arrangement which includes: 
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92. 



a pistoirmounted for reciprocal motion in a cylinder along a piston 
axis which is tfi a plane substantially perpendicular to the big end axis 
and the main axis^tiie piston having a cross-sectional area which is 
perpendicular to thespiston axis^and 

a scotch yoke elementxhosen pom the group comprising a 
channel, a rail, a ch^nerand a rail! a bore and a bore and a rail, the 
element defining a jo^tudhml palk the big end reciprocating along the 
path relative to the piston betwee^yrwo end points, the scotch yoke 
element being integral with the Wton or connected thereto via 
connecting rod means; and 



restricting : 



leans adapted to moVfc^ along a defined path and to 
constrain one at more of the piston, ti^ scotch yoke element and the 
connecting rod| means t^move alotfg the defined path, 

characteri^edlii that at least part of the restricting means is located 
transversely of the longitudinal path of the scoMi yoke element and 
within a volume defined by the piston cross-secu^nal area, projected 
along the piston axis. 

The device of claim 91, wherein the restricting means inclines a pair of 
members, one of which is located on an opposite side of the scotch yoke 
element to the other. 



93. The device of claim 92, wherein the members lie on a line which r$ 
30 perpendicular to the longitudinal path. 

94. The device of claim 9 1 , wherein there are two pistons, each reciprocatiW in a 
dual chambered cylinder closed at each end, a combustion chamber bein* 
defined between each piston and the cylinder end. 
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$5xThe device of claim 91 , wherein there are two pistons for each big end, the 
piston axis of one piston being in a plane different from that of the other 
pisrotk 

96. The devicfextf claim 95, which includes at least one lubrication duct to supply 
lubricant to thfes^cotch yoke element. 

97. The device of claukl 3 or 14, wherein the linear surface and/or the 
engagement means inbhides two opmore roller bearings and the guide means 
engages the engagemenhneans/ir the/connecting means by rolling or by both 
rolling and sliding. n 

98. The device of claim 91, WMreinrare are two cylinders and the main axis is 
adapted to be moved towards or awavfifbm the cylinders • 

99. The device of claim 9 1 , ^M^dsx^t inches a slave crank having an axis 
which is parallel to the mam axis to stabilisette device. 

100. The device of claim 91, which includes a further ci^nk, the two cranks being 
joined by means to cause the cranks to rotate togethehv 

101. The device of claim 100, wherein the means joining the cxaitks are gears. 



102. The device of claim\9^ wherein there axe two pistons arranged in a pair, both 
pistons being positioned in a common plane perpendicular to the crank. 

103. The piston arrangement of claiin^S) wherein the linear surface extends 
diametrically through the cross-sectional area. 



104. The piston arrangement of claim\|^ wherein the linear surface is provided 
with lubrication by lubrication means. 

105. The device of claim^jX wherein the restricting means includes a web which 
has a cross-sectional shape chosen from the following: square, rectangular, 
elliptical, circular, arcuate, undulating, mushroom, rod and *T". 

106. The device of clairr01, wherein the restricting means has a length which 
extends above and below the scotch yoke element. 



107. The device of claim vj} which includes second restricting means being part 
of, mounted on or connected to the scotch yoke element and adapted to 
constrain the scotch yoke element to move along the longitudinal path. 

108. The device of claim 107, wherein the second restricting means is adapted to 
pivot. 

109. The device of claim 1 wherein fche oi) each piston is mounted on an axis 
which is different from but perpendicular to the main axis. 
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1 10. The device of any one of claims l,@^.@p?5} wherein the motion of the 
or each piston is simple harmonic motion. , 

111. The device of claim(^ wherein the means for adjusting is pivotably mounted 
to the piston or the engagement means. 

5 112. The device of claim^ wherein the two pistons lie in a single plane. 

1 13. The device of claim 1Q0, wherein the means joining the cranks is a 
connecting means pivotably mounted to the big end of each crank. 




1 147} The device of claim 1, wherein the restricting means has a length which 
extends above and below the linear surface. 



10 115. The device of any one of claims 1 , SI , 6 4, 69 or 91^ wherein the device is part 
of an engine or pump. 

116. The device of any one of claims 1 ,^^^,^69^9^ wherein the restricting 
means is restrained by means located in a volume defined by the area swept 
by the crank projected along the main axis of the crank. 

15 117. The device of claim 1 ori^wherein there are two big ends, each having a big 
end axis, an angle D is formed between the first big end axis, the main axis 
and the second big end axis, the angle D being 0° or more, and wherein there 
are two piston arrangements, a first piston arrangement being on the first big 
end and the second piston arrangement being on the second big end, the first 

20 piston arrangement having a first piston axis and the second piston 

arrangement having a second piston axis, the angle between the first piston 
axis and the second piston axis being A, wherein, in balancing the device, the 
angle D is set at 2(A-90) degrees. 




J 1 8 a A piston-type fluid device, substantially as herein described, with reference to 
25 the drawings. 

n*9) A yoke assembly for a scotch yoke type fluid device, substantially as herein 
described, with" reference to the drawings. 

120NA piston arrangement substantially as herein described with reference to the 
drawings. 
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